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F u n g i s t a t i c a c t i v i t y of N - p h e n y l m a l e i m i d e w a s d e m o n s t r a t e d in a p r e v i o u s p a p e r (FE-
RENCZY—ZSOLT—MATKOVICS 1 9 5 9 ) . T h i s p a p e r d e a l s w i t h f u r t h e r i n v e s t i g a t i o n s c o n c e r n i n g 
N - p h e n y l m a l e i m i d e a n d t h e a n t i f u n g a l a c t i v i t y of s o m e N - s u b s t i t u t e d m a l e i m i d c s o f d i f f e r e n t 
s o l u b i l i t y . 
Mater ia l a n d m e t h o d s 
T h e f o l l o w i n g d e r i v a t e s w e r e i n v e s t i g a t e d : N - p h e n y l m a l e i m i d e ( P M I ) , N - ( o - o x y p h c n y l ) -
m a l e i m i d e , N - ( m - n i t r o p h e n y l ) - m a I e i m i d c , N - ( p - a c e t y l ) - m a l c i m i d e , N - e t h y l m a l c i m i d e , N - o -
n a p h t h y l m a l e i m i d c . M e t h o d s o f s y n t h e s i s a r e p u b l i s h e d e l s e w h e r e (MATKOVICS—FERENCZY— 
S E L M E C Z I 1 9 5 9 ) . 
Saccharomyces cerevisiae „ G Y O R " (a H u n g a r i a n d i s t i l l e r y y e a s t ) , Actinomucor repens, 
Aspergillus foetidus, Aspergillus niger, Aspergillus oryzae, Circinella minor, a n d Syncepha-
lastrum racemosum w e r e u s e d a s t e s t o r g a n i s m s . 
T h e n u t r i e n t s o l u t i o n e m p l o y e d f o r [ u r b i d i m c t r i c a l i n v e s t i g a t i o n s c o n t a i n e d as f o l l o w s : 
5 g ( N H 4 ) t S 0 4 , 1 g K H j P O « , 0 , 5 g M g S O j . 7 H s O , 10 g s u c r o s e , a n d 1 m l y e a s t a u t o l y s a t e 
in 1 l i t r e t a p w a t e r . T h e m a l e i m i d c s a n d , in s o m e cases , m o r e y e a s t a u t o l y s a t e w e r e a d d e d 
t o th i s s o l u t i o n . T o o b t a i n y e a s t a u t o l y s a t e 10 g o f f r e s h b a k e r ' s y e a s t w e r e s u s p e n d e d in 
100 m l of t a p w a t e r a n d k e p t a t 6 5 ° C f o r 24 h o u r s a n d t h e n f i l t e r e d . S t e r i l i z a t i o n a n d h e a t 
t r e a t m e n t , d e p e n d i n g o n t h e a i m s of e x a m i n a t i o n s , w a s p e r f o r m e d p a r t l y w i t h S e i t z E K f i l t e r , 
p a r t l y in 100° C w a t e r b a t h , a n d p a r t l y in a u t o c l a v e a t 0 , 5 a t m o v e r p r e s s u r e f o r 15 m i n u t e s . 
T h e n u t r i e n t s o l u t i o n s ( 1 0 ml in e ach t u b e ) w e r e i n o c u l a t e d w i t h a d r o p o f a s u s p e n -
s i o n o f t h e y e a s t Saccharomyces cerevisiae „ G Y O R " h a r v e s t e d f r o m a 3 d a y s o ld m a l t a g a r 
s l a n t . E a c h d r o p c o n t a i n e d a b o u t 1 0 ' cel ls . I n c u b a t i o n w a s a l l o w e d a t 2 5 ° C . T h e g r o w t h 
o f y e a s t c u l t u r e s w a s t u r b i d i m e t r i c a l l y m e a s u r e d in a p h o t o e l e c t r i c d e n s i t o m e t e r a p p a r a t e 
( t y p : M a g n e p h o t I . , O r i o n , B u d a p e s t ) . F o r t h e d i a g r a m m s t h e m e a s u r e d v a l u e s w e r e c a l c u l a -
t e d i n t o p c r c c n t s ; t h e t r a n s p a r e n c y of t h e u n i n o c u l a t e d t u b e s w a s c o n s i d e r e d a s 100 p e r c e n t . 
W o r k i n g w i t h m o l d s t h e a c t i v i t y of t h e a q u e o u s a n d a c e t o n i c s o l u t i o n s o f m a l e i m i d c s 
w a s m e a s u r e d w i t h h o l e - p l a t e a g a r d i f f u s i o n t e s t . S u r f a c e s o f p l a t e s ( t he m e d i a t a k e n f r o m 
t h e n u t r i e n t s o l u t i o n d e s c r i b e d a b o v e s o l i d i f i e d w i t h 2"/t a g a r ) w e r e i n o c u l a t e d w i t h c o n i d i a 
o f Actinomucor repens, Aspergillus foetidus, Aspergillus niger, Aspergillus oryzae, Circinella 
minor, a n d Syncephalastrum racemosum r e s p e c t i v e l y . H o l e s o f 10 m m d i a m e t e r w e r e m a d e 
in t h e i n o c u l a t e d p l a t e s , 5 ho l e s in e a c h . T h e s o l u t i o n s o f t h e a c t i v e c o m p o u n d as w e l l a s 
t h e p u r e s o l v e n t w e r e d r o p p e d i n t o t h e ho les . T h e p l a t e s w e r e a l l o w e d to s t a n d f o r 24 h o u r s 
a t 4° C a n d t h e n i n c u b a t e d a t 2 5 ° C . T h e z o n e s o f i n h i b i t i o n w e r e m e a s u r e d a f t e r 36 h o u r s . 
T h e s t a n d a r d e r r o r w a s ± 1,5 m m . T h e p u r e s o l v e n t s d i d n o t g i v e a n y i n h i b i t i o n . E a c h 
e x a m i n a t i o n w a s p e r f o r m e d in 5 p a r a l l e l s . 
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Results and discussion 
Stability of P M I 
Growth inhibiting activity of nutrient solutions containing P M I was 
considerably diminished when sterilized in autoclave. The growth curves of 
Saccharomyces cerevisiae „ G Y O R " are shown in Fig. 1. 
Fig. 1. G r o w t h of Saccharomyces cerevisiae „GYÔR" in Sci tz f i l t e r ed a n d a u t o c l a v e d n u t r i e n t 
so lu t ions c o n t a i n i n g d i f f e r e n t a m o u n t s of P M I . I . , I I . = 100 p. p. m. P M I . I I I . , I V . = 
10 p. p. m. P M I . V., V I . = 1 p. p. m. P M I . V I I . = c o n t r o l ( w i t h o u t P M I ) . 
Influence of p H was examined by autoclaving 10 p. p. m. of P M I in 
aqueous solutions at d i f ferent p H . After autoclaving the solutions were neut ra -
lized and their activity was measured with agar diffusion test against Saccha-
romyces cerevisiae „GYÔR". Results are summarized in Table I. Accordingly , 
PMI is thermostabile at p H 2 and, on the other hand, it was destroyed at p H 9. 
Activity decreased considerably at pH values ordinari ly used in microbiological 
media (Table I). 
The yeast autolysate as a constituent of the nutrient solutions, inf luencing 
stability of PMI , has been demonstrated. Fig. 2. shows the results of experi-
ments obtained with nutrient solutions containing 100 p. p. m. of P M I and 
different amounts of yeast autolysate. O n e set of the tubes was autoclaved, 
while in an other one the solutions were sterilized by Seitz-filtering. In all of 
s t u d i e s o n t h e a n t i m i c r o b i a l a c t i v i t y 7 7 
the solutions sterilized by Seitz-filtering independently of the amount of the 
yeast autolysate no growth was observed. In the autoclaved solutions the inhi-
bition of growth was a lways decreased compared with the Seitz-filtered ones. 
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Fig . 2. G r o w t h of Saccharomyces ccrcvisiae „GYOR"' in Sei tz f i l t e r ed a n d a u t o c l a v e d n u t r i e n t 
so lu t ions c o n t a i n i n g P M I in t h e presence of d i f f e r e n t a m o u n t s of yeas t a u t o l y s a t e . 
Decrease of the inhibitory activity was proport ional to the amount of yeast 
autolysate added. The inhibitory activity entirely ceased in the autoclaved 
tubes containing 0,5 and 1,0 ml autolysate in 10 ml solution. 
Influence of the duration of heating at 100° C was also investigated in 
nutrient solutions containing 100 p. p. m. of P M I and 1 ml yeast autolysate in 
10 ml solution. Results are shown in Fig. 3. In solutions heated only for 5, 10, 
and 20 minutes the inhibitory activity of P M I was complete. However growth 
was only slightly inhibited in nutrient solutions heated for 40 and 60 minutes. 
Activity of different N-substituted derivatives 
Da ta obtained with solutions containing 10"1 M of PMI , N-(o-oxyphenyl)-
maleimide, N-(m-nitro)-phenylmaleimide, N-(p-acetyl)-maleimide, N-e thylma-
leimide, and N-a-naphtylmale imide are summarized in Table II . These experi-
ments were performed with the agar diffusion test against molds. As seen, 
Aspergilli are strongly inhibited by all the six compounds, while the other 
3 molds remained unaffected (Tabic II) . 
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The same selectivity in the inhibitory activity and the similar intensi ty 
of activity of the d i f ferent compounds suggests a similar mechanism with all 
the six compounds. 
The known effect of maleimides as auxin antagonists demonstra ted by 
V E L D S T R A ( 1 9 4 6 ) and van O V E R B E E K — B L O N D E A U — H O R N E ( 1 9 5 5 ) render p r o -
bable tha t the inhibitory action against fungi is connected with their possible 
reaction with sulfhydryl groups. This reaction may explain also the decrease 
of inhibitory activity of P M I by heating in the presence of yeast autolysate . 
The resistance of some species of molds to maleimides is still in need of f u r t h e r 
investigations. 
0-f 
I : ig . 3 . G r o w t h of Saccharomyces cerevisiae „GYOR" in n u t r i e n t s o l u t i o n s c o n t a i n i n g 1 m i 
yeas t a u t o l y s a t e p e r 10 ml s o l u t i o n a n d 100 p. p . m . P M I a n d h e a t e d f o r 6 0 ( I I . ) , 
40 (111.), 20 , 10 a n d 5 ( I V . ) m i n u t e s in a w a t e r b a t h o f 100° C . I = c o n t r o l 
( w i t h o u t P M I ) . 
S u m m a r y 
The inhibitory act ivi ty of PMI in various circumstances was investigated 
against several fungi. PMI proved to be thermostabile at p H 2 bu t the rmo-
labile at p H 4 to 9. The inhibitory activity of PMI is destroyed by au toc lav ing 
in nutrient solutions containing yeast autolysate. Boiling in 100° C water ba th 
destroys to a certain extent the activity of P M I according to the dura t ion of 
heating. 
Six N-substi tuted maleimide derivatives exhibited the same selectivity and 
a similar act ivi ty. These f indings point to the same mechanism of their act ion. 
W e w o u l d e x p r e s s o u r t h a n k s t o t h e u n d e r g r a d u a t e s GY. GÔNDÔS a n d T . PROCS f o r 
t h e i r k i n d a s s i s t ance . 
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T a b i c I . 
Zones of inh ib i t ion a g a i n s t Saccharomyces cerevisiae „GYOR". T h e c o n c e n t r a t i o n of 
P M I was 100 p . p. m . b e f o r e a u t o c l a v i n g . 
p H - v a l u e s d u r i n g 
a u t o c l a v i n g 
r a d i u s of zones in m m p r o d u c e d by a u t o c l a v e d a n d 





w i t h o u t 
a u t o c l a v i n g 
7 
T a b l e I I . 
Z o n e s of i nh ib i t on ( r a d i u s in m m ) of d i f f e r e n t N - s u b s t i t u t e d m a l e i m i d e s of 10-® M c o n -
c e n t r a t i o n . 












>. c u 







































J= a . rt c 
1 ä I z 
Actinomucor repens 0 0 0 0 0 0 
Aspergillus foetidus 11,5 8,0 8 ,5 7,0 5,9 7,0 
Aspergillus niger 12,3 7,0 7,5 8,6 8,5 11,3 
Aspergillus oryzae 10,8 9,2 7 ,5 6 ,8 9 ,5 7 ,3 
Circinella minor 0 0 0 0 0 0 
Syncephalastrum racemosum 0 0 0 0 0 0 
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